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The solution to  be excited by the laser is contained in the small glass cuvette in the center of the photograph. 
The spot of light on the cuvette is caused by the laser pulses. The lens on the left focuses the light emitted from 
the cuvette before it enters the streak camera. Shown is Ken Winn, AP-4. 

Laser pioneering 
with the 'pH jump' 
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Paula Woodbridge (left) and Stanley Shapiro (right), both of AP-4, 
discuss the effects of laser excitation of a 2-napthol-6-sulfonate solution 
with John Clark, AP-3, who is a J. Robert Oppenheimer Research Fellow. 

Photos by LeRoy N. Sanchez 

Even under optimum conditions, 
thorough mixing of the added acid 
or base takes a large part of a 
second. Therefore, any attempt to 
study fast reactions is doomed to 
failure. The laser technique pro- 
duces the very rapid jumps needed 
to explore the fast reactions which 
typify solution chemistry. Although 
it is still in an early stage of 
development, the laser pH jump is 
already the fastest of all the jump 
methods available to chemists. 

By exciting a molecule in solu- 
tion, for example 2-napthol-6-SUI- 
fonate (more simply ROH), with a 
picosecond laser pulse, the AP 
researchers can create excited 
molecules which are over 10 million 
times more acidic than the ground 
state molecules. These molecules 
now have a much greater tendency 
to give off a proton and transfer 
that proton to one of the surround- 
ing water molecules. This produces 
a hydronium ion and the negative 
ion (RO-) of the excited ROH 
molecule. By photographing the 
light radiated from such a laser- 
excited solution, the AP-Division 
workers can identify how rapidly 

these processes occur. The mea- 
surements of the light from the 
solution are made by an ultrafast 
streak camera. Previous attempts 
to measure these rates with other 
methods failed because the reac- 
tions were much faster than the 
methods available to study them. 

The laser technique provides the 
first general method whereby the 
rates of these excited-state proton 
transfer reactions can be obtained. 
As such, this technique should 
provide chemists with their first real 
look into the detailed mechanism of 
the process. The laser measure- 
ments also established that the 
change in pH was achieved in a 
very short time when compared to 
the natural decay time of the 

excited state. It was this observa- 
tion which ensured that a laser 
could be used to photochemically 
change the pH of a solution. 

pH from 7 to  4 
Under the conditions used in the 

AP-Division experiments, each ab- 
sorbed laser photon instantaneously 
produces an excited ROH molecule, 
which produces an H30 + ion long 
before the molecule excitation de- 
cays away. Because the laser 
pulse is very intense and is focused 
into a small volume, an appreciable 
concentration of H30 + was pro- 
duced in picoseconds. Indeed, even 
in these initial experiments, the pH 
could be changed from 7 to 4 - a 
change of a factor of a thousand. 
Larger jumps can be obtained 
simply by increasing the laser 
power. 

The potential power of this tech- 
nique to increase our understanding 
of the chemistry of solutions is that 
it allows the use of picosecond 
lasers for the initiation of ground 
state reactions. Previously, only 
photochemical reactions (that is 
those involved excited states) could 
be studied. There are very few such 
systems (for example photosyn- 
thesis and the visual processes) but 
they are of great importance. With 
the laser pH jump, the vast number 
of ”normal” (that is ground state) 
reactions can be studied. In both 
chemistry and biology, the simplest 
and most fundamental reactions are 
almost always also the fastest. The 
laser pH jump may give chemists 
their first chance to study these 
reactions in detail. 

Simply being able to take a 
precise look at the many steps in 
chemical and biological reactions is 

They can initiate a pHjump and study 
reactions that occur in a trl’llionth of a 
second time scale. The laserjump is 
the fastest of such methods 
available to chemists. 
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tlic many pt-at;tical applicaiiotis for  
this process. Somc of the most 
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the p l l  so as to precipitate out a 
spc-xific component of the mixture 
without increasing the volume of 
waste or irreversibly changing its 
acid/ base properties. If realized in 
Lpractice, it cotild providc a new and 
poworful tool for chemists cow 
cc r n ed w i 1Ii corn p I i ca t ed c t i  e mi i ea I 
sepal-alioris such as [hose rcquired 
[or  nuclear waste rcprocessirig. 

1 - h ~  concept of p l i  jump, and 
A P-- I) ivisi o ri ' s  ab i I i t y to a p p I y this 
concept to the study of chernical 
roaciions, thas giveri us yet  another 
rn et h od o f rn a n y 
co IT p I F: x p roccsscs w h i c h ope t i  
more doors l o  improving the world 
around us. 

11 r i  de rs ta n d i n g 

Kim Witin atid 7otiy Carnpillo of AP-4 check the laser alignment to ensure 
tha t  ttic beani ctiters the sticalc camera (white device in center) with the 
Iiroper oricti Lrtlioti. 
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Through a chimney 

Study in 
Vermont 

By Jeff Pederson 

The state is covered with rolling 
forest and its people have a long 
history of self reliance. But it also 
imports at least half of its energy 
needs, so it made sense to the 
Vermont legislature in 1977 to 
convert part of a state boiler system 
from fuel oil to wood chips. 

The intent was not unique; seri- 
ous consideration is being given in 
many states to  the use of renew- 
able resources, such as wood and 
wood waste, for power production. 
But when mention is made of a 
switch from limited fossil fuels, en- 
vironmental and economic prob- 
lems may also result - air quality 
can be subject to change, and 
wood products can be expensive to 
transport from a forest area to a 
power facility. 

The Department of Energy is also 
interested in the use of alternative 
fuels, and a Los Alamos Scientific 
Laboratory investigative team trav- 
eled last month to Waterbury, 
Vermont, on its behalf. Waterbury, 
where one boiler at the Vermont 
State Hospital and Office Complex 
is partly fired from wood chips 
produced in the adjoining Duxbury 
State Forest, was chosen over six 
other sites after the team visited 
operations from Washington state 
to Alabama. Nearly 20 persons, 

A helicopter was modified so samples could be taken from the top of the representing three LASL groups 
stack and downwind. and the University of New Mexico, 
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rail a number of tests i r i  Lhc (:oLttsc 
of ii week. They k)olsLered their 
ficlds of s tudy  ar id  Iound out why 
some of the 1,700 vvood boilers in 
the United 5;toi.es do riot nlwt 
fctlcral standards for opacity ~ the 
plurrie coming frorn :<tacks is oitcr i  
too dark. 

A tielicoptet was modified tu  
sat-iiplo effluerll gascs ai  the lop of 
't tic 1 !io-- foo L !;liac k ; tricasu reme t I ts 
werc? also maclc at thc stack rnouih 
arid downwind. SLudies were made 
of Ll-ic wood chip fuel end of pollu- 
tion control equiprnerit. A tkwicl: 
cal1c:d ii photomctcr, operated by  
Clint Shirley of thc Univmi ly of 
New Mexico, rrirmiired tho con- 
trast of the plumo againsi tho 
norriial bacl<groiind scorie a t  il 
n u m  bcr- of Icml.ion!~, FI uoroscent 
particles, irisevletl inlo ttw hotlorn 
of the chimticy, were collocted at 
downwind locations and an;dy7ed. 

- .  I he Vermont State Hospital and Office Complex, with brick smokestack in 
ttrc backyrouind. 

Pholn!; by Ellen Leonard, E3ill Clements, and Jeff Poderson 

The Waterbury power housc, rear sido, shovving ctiirx, lotiding area, conveyor, and cylindrical vessel with hot, 
lava like sand at bottom. 
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Some of the 9,700 wood-fired boilers 
in the United States do not meet 
federal standards for opacity. 

Surface winds were checked at 
points along the picturesque Win- 
ooski River valley, and meteorologi- 
cal sounding balloons helped deter- 
mine the nature of the winds - 
and the depth of the mixing layer in 
which pollutants would be con- 
fined. 

Fitting the model 
“The experiments were also 

worked out to fit our model of how 
a power plant plume would look,” 
explained Ellen Leonard, a staff 
member in the Energy Systems and 
Analysis Group (S-2) of the new 
Systems, Analysis, and Assessment 
(SI Division. ”The experiments fit 
in well, based on the scattering of 
light in the atmosphere. The opac- 
ity of the plume is related, among 
other things, to the sizes and types 
of particles. The particles form 
quite rapidly from the gaseous state 
upon cooling, and become very 
effective light scatterers when they 
leave the stack - in other words, 
you can see the plume.” 

At Waterbury, wood chips made 
their way up a conveyor belt and 
were dropped into a vessel that 
contained hot, lava-like sand that 
had been heated by an oil burner to 
800 degrees F. The chips, being 
wood products and containing 
mostly volatile substances, were 
ignited before they hit the fluidized 
sand bed. The energy released was 
used to power a water boiler that 
sent heat to the laundry and 
kitchen. 

A cyclone device was supposed 
to remove the particulates after the 
chips burned; instead, there were 
more particulates in the exiting 
smoke than there were before the 
gases entered this anti-pollution 

8 

cle shapes and elemental composi- 
tions can be determined by sub- 
sequently using a scanning electron 
microscope, x-ray fluorescence, 
and neutron activation analysis for 
each of the separated size fractions. 

precipitator. The gases cooled off 
in the cyclone and condensed to 
form particles, a relatively common 
problem of wood-fired plants. 

Another conclusion reached: a 
wood plant differs greatly from a 
coal-fired plant in terms of emis- 
sions. Bill Sedlacek, of the Nuclear 
Chemistry Group (CNC-11) af the 
Chemistry - Nuclear Chemistry 
(CNC) Division, helped with mea- 
surements of the particulates and 
their size distribution. His equip- 
ment included an interesting piece 
of hardware termed a quartz crystal 
microbalance cascade impactor that 
separates particles by size, and 
then weighs them - in small, 
nanogram qualtities - to give a 
mass versus size distribution. Parti- 

“The physical chemistry is ap- 
parently very different in a coal- 
fired plant,” Sedlacek said. Coal 
ash normally contains large quan- 
tities of silicates, but the primary 
products of wood combusion are 
salts of sodium, calcium, and po- 
tassium. These salts have lower 
melting points than the silicates, as 
low as 300 or 400 degrees C. The 
silicates form particles much earlier 
in the process, providing a collect- 
ing surface on which other emis- 
sions can condense. In a sense, 
they act as a sort of scrubber in a 
coal plant. But, in a wood plant, 
the fuel residues are beyond the 
anti-pollution devices before they 
become particles sufficiently large 
to be removed. 

The significant thing we learned,” 
Sedlacek continued, “is that dif- 
ferent emission controls are called 
for at coal plants and a t  wood 

Teymoor Gedayloo, G-8, released fluorescent particles into the brick 
chimney so they could be gathered and counted later, giving an indication 
of the plume’s behavior. 



plants." This is supporkrl by dnia 
gattierc?d at rnnny points iri tlio 
comhustiori sys t im,  by tmiisLire- 
murils of part icle :;ins, arid I iy 
analysis of coric(xi tratioris of light 
scatleririg patticlos (1-riade by Miko 
Willianis, a Jol-in Muir Iristituto 
consuliarit LO ! ; . 7 ) .  

Not EPA rr1ethods 
W i I I ia ms t i  o ied , " W hc r i  ;I 1-1 i b ieri i 

air was mixed wilt1 thc: I iot exhaust 
gnscs, the lighl scalleririg particle 
conc;cntration:; iric:rc!asc:d drama t - 
ically." Sampling mothods siicti ;I!; 

those used by  tho l ~ i i v i r o i - i r ~ i ~ ! r ~ ~ ~ l  
t'rotoction Agcricy, iitid which arc 
nut taken frot-ii the stack lop, will 
give inisloading rosults, he coritinu 
ed. " I t  is casy io see why thesc 
iacilities appear to have low m i l i s  
si on:; when STI imi pled i ri t h c: t i  or IT in I 
fashion, hut riovertheless tiavt: difti- 
cullies rncx:~iri<1 restrictions ori visu- 
til plu tnts," Willian is concluded, 
"Most of ttic t~articlcs that protlut:t? 
tho plirrnt: are iornicd tlown!;it(:iit?l 
of tttc trir:asurc:ini-!ri Ls." 

Thvo K :I u I1 r i i  i i  t i ,  a facu I I y m i  n - 
her or thc C:lieriiical arid Niic:lt-?ar 
I ~ r r c l  i ncenri ncl [)(:part incr i t ,  U r i  ivcr i t y  
of New Mexico, ngrc:cs. The rrinin 
inleiest of h c  llircc person:; Iiorn 
the \Jriivarsity who wont to Wainr- 

0 ut tlooi storage t )as sorneti ii ies 
rncant a wet wood supply, hut 
state officials ijrt! optiniistic-. lor the 
lirst full witiier's run. 

tiirry was to piti tlowri how the 
wooriblirrxj fiirn;ic:c a r id  boiler oper-- 
atetl. "It yoir'to burning wood, 
you'll get croissioris that affcc1 
visik)iIity rnorc: i l ia r i  coal," he said. 
1Lq u i p t m r i  t i nsta I Icd to ret l  iicc air 
polliil.iori at coal plarits rriay n o t  bc 
olfoctivc oii wood facilities, tie 
; H I d R d .  

I< a u i r IY i a r i  ;I I :io said that w I1 i Ic 1 h c 
plurnc from 'wood plnnls rriay not 
look :it)p(3il~ill~J, i t  vc?ry likely is rio 
wor:;e, in tni-rns of lhc eflcct on 
poople, tlian ;I rriodcxn coal plant. 
"Ikiero n~ lonst is riot the sulfur 
clioxitlo ptot-lorri a:;sociated with 
c:oal," he said. 

produced. I f  those particles were 
tomoved pioperly, a wood burner 
could poletitially be very clean." 

l r i  oric sense," I<auffman said, 
"(he stuff from a wood stack would 
be dct;ayiric_l on the forcst floor any- 
way. Of course, it is more con- 
centrated when it comes f rom a 
cliiniriey." Wood provides n rea- 
sonably gciod supply of thermal 
criergy a t  Waterbury, but also is 
Icss flexible than oil or gas wheri 
uno desires to turn the level up or 
dowri. 

What goes into the chimney 
olten comes out, and as particles 
drilled away froin the smokestack, 
they WCIK of conccrn to Bill Clem- 
enls and othor members o f  the 
Atmospheric Sc;ienccs tiroup ( G - 8 )  
of the Basic arid Applied Geo- 
sciericet; (G) Division. 

'The Waterbury ptojcct has started, as an  offshoot, an embryonic wood 
cliiilpirig intlustty where a ( m i t r a c t o r  provides chips for the boiler. 

9 



Bill Sedlacek photos 

Particle samples from the Waterbury, Vermont plant as seen through an electron microscope. Top left: 300 
magnification. Top right: 1,000 magnification. Both have particles in the 3.2 to 6.25 micron diameter range and 
elements present were calcium, potassium, sodium and manganese. Lower left: 100 magnification. Lower right: 
300 magnification. Both have particles in the small 0.1 to 0.2 micron diameter range and elements present were 
potassium and sodium. 
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"We'ro hn:;ic:iilly intercstecl in t l ie 
lransport of pollutants," tic  ox^ 
plairiod, "arid t h e  ir3ler;ictiori of the 
inolioti o f  tho winds with tnoLir1~ 
tai 11:; , va I I eys, oii n yoris, ;I I i rl o t t ic  1- 
ic!a I 11 res , With r 11 any c r i c r (1 y - ire la I ed 
xt ivi t ies loc;itcd o r  t-~eing c:on 
r;id(!rod in coniplox terrain, iL is 
i r n po r t a r i  t I h a i w ( 2  u r i d c? rst a II ( 1  w t 1 ;it 
Iiapporis when pollukints i ~ t e  rc  

k m e (  1 i r i t I i ( :SC: e rivi ror i mcri t s .  So 
hesiclc!c; colloctirig data lor the ex- 
pcrimonL, i h i s  was at1 excellent 
oppor'ltiriily Lo add to our overall 
know led gc of wind heh avio r . " 

Orio of CX!'!; findings in Vermont: 
duc: Lo a milch srrialler day-to-night 
ii:rriperaturo cliffererice than exists 
it1 the West. thorc i:; less of a local 

mountain-to-valley wind circulation 
in the Winooksi valley "airshed" 
than was expected. 

Whole trees to chips 
I he Waterbury plant is used to 

produce heat; if it generated elec- 
tricity, it would roughly be rated at 
three megawatts. In contrast, the 
Algodoncs plant north of Albuquer- 
que is a 45megawatt operation, at 
its maximum rating. 

At Waterbury, there are 350 
patients at the Vermont State 
Hospital and 600 employees at the 
stale officc complex. The power 
plant burned coal when it was built 
iri 1925, and was converted to oil 
about I7 years ago. Tho new 
experimenr runs on wood chips 
about 10 per cent of the time now, 
but is "all charged up and ready for 
winter," according to I-ierb O'Brien 
of the state buildings division. 

.- 

Vermoril began an experimental 
whole-tree harvesting industry at 
the adjacent Duxbury State Forest, 
with a conttactor supplying chips 
for Waterbury Problems in the 
$700,000 conversion project have 
included xi unreliable supply of 
chips, fuel that contained too many 
twigs, and a wet wood supply that 

Equipment used by Bill Sedlacek 
included this quartz crystal rnicro- 
balance cascade impactor. It sepa- 
rates particles by size and weighs 

State fireman Fred McAdarn at bailer controls. I r i  the wintct, 4,000 gallons them, in small, nanogram 
of lucd oil niusl be burned every 24 hnurs at  Warcthnty. quantities 
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resulted from uncovered storage on 
the ground. But when the experi- 
ment is running smoothly, 40 tons 
of good hardwood chips creates 
only enough ash to  fill a bucket two 
feet deep, said Waterbury fireman 
Fred McAdam. 

The Vermont project has at- 
tracted interest from many quar- 
ters, including recent visits by 
Canadian officials. It's too early to 
say whether the plant is a complete 
success, said' O'Brien, because 
everything was not on line until last 
February, and the first winter of 
operation - hopefully without 
hitches - is just beginning. A 
request has also been forwarded to 
the Vermont legislature, which 
meets in January, to provide more 
sophisticated fuel handling equip- 
ment. A semi-truck load of wood 
chips is required daily when the 
Waterbury boiler is running on 
wood. Other boilers are still oil- 
fired. 

Future plumes? 
Experiments at Waterbury were 

aimed at  gathering data to use on 
S-2's computer model that shows 
how visual blight and haze can 
result from a power plant plume. 
The model was developed to pre- 
dict the effects of combustion. Coal 
is deemed a major part of America's 
energy program for the next gener- 
ation; air quality changes associ- 
ated with burning it (or wood, or 
garbage) may affect people's 
health. Since a lot of the coal and 
many energy sites lie in the West, 
some national parks, monuments, 
and wilderness areas may also be 
affected. 

A plume can be simulated by first 
taking an actual color slide of an 
outdoor area. This is digitized and 
the scene is modified to provide a 
new picture with either a power 
plant plume, background haze, or 
both. Then, a computer simulation 
of three wavelengths (red, green, 
and blue) is made. Concentrations 
of materials that scatter or absorb 
light are calculated along each line 
of sight. The densities in the simu- 
lated scene are converted to bright- 
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The model shows how visual blight can 
result from a plume; many coal and energy 
sites lie in the Rocky Mountain West. 

nesses and are displayed on a TV 
screen. Pictures are then taken of 
the TV image, giving S-2 a "before 
and after" look a t  emissions of a 
hypothetical plant. Mona Weck- 
sung is S-2's computer graphics 
specialist, involved in this photo- 
graphic technique with Evelyn Trei- 
man, S-2 data analyst. 

The model can show not only to 
what extent a plume will destroy a 
region's scenic beauty, but also can 
determine whether one large plant 
or many smaller ones would be best 
for an area - considering terrain 
and weather. Procedures for siting 
plants in accordance with the 
country's Clean Air Act of 1977 
may be easier with the model's 
help. Of the 29 million acres that 
the Secretary of the Interior has 
said may require visibility protec- 
tion, 14 million acres are in the 
Rocky Mountain West. 

A series of accompanying com- 
puter-generated photos show what 
happens with hypothetical plants. 
With a 3,000-megawatt coal facility, 

emissions are presumed to be 120 
grams per second of fly ash, 1,750 
grams of nitrogen oxides, and 500 
grams of sulfur dioxide. These 
figures also presume that a scrub- 
ber removes 90 per cent of the 
sulfur dioxide before it reaches the 
stack top and 99.5 per cent of the 
particulates. 

"We put the model together last 
year and are still testing it," said 
Leonard, S-2. "That's why we 
needed the measurements from 
Waterbury. Later, the model will be 
used for environmental assess- 
ments." Projects next year include 
a study of sulfur emissions from 
coal-fired power plants. 

To verify the model, a simulated 
plume and an actual plume must be 
compared. The chemical composi- 
tion of the gases must be known 
because many gases have light- 
absorbing properties that must be 
correctly modeled. The size distri- 
bution of the particulates will deter- 
mine how visible light is scattered, 
affecting the plume's opacity. Infor- 

Using a theodolite to track the course of weather balloons were Sumner 
Barr and Roline Baker, G-8. 



niation Ftorn Wn torbury i hat in 
(:I CI d c s  si ZR d i st r i I I 1-1 t io r i  a n cl ii r i ;I ly:jc>s 
of hydrocarbons arid nitrogoti ox 
idos will be u:;otl in ttie mocIcI io 
visu;illy recreate ttie plumc. Otic 
application of the triode1 is the 
SCilli~lg-Llp of ~ ~ l a r i  t size, as  part 01: 
tho t-kpartment of tincrgv slutly, lo 
stlow what I-iappcms as thc p lu i~ ie  
bocntnes laryei.. 

Weattrtar .fits in 
The model ak;o requires motcuro- 

logical data tie available to de[er-- 
rri i ne 1 he P I  I I  rii e's ,I ravel d i ruct i o n 
ai id dispersiori , Souriding tialloons, 
each i i  inctcr in diameter, were 
rt:lcasotl hourly I)\/ a G-8 iciIr',l I t : ~ l  
by Siirriner U a i ~  a n d  thcir positions 
wcrc ttackod vvi-lti a tl-icodolitc. A 
sensot- oil tho t)alloons can ~ransrnil 
ait ~etnpcralui-e roitdings to Lhc! 
yrourid, arid i i  profile o l  witid 
spec:tl, tempcialure,- arid clirwlion 
car) be obtainc:d as i i  hallonri ri:;os 
at 200 trielers per rniriuto arid is 
tr a c lied t t i rer! to fo u r k i I o rrieto Is  
a bovo 'tho y to 11 rid . h is technic 1 ur: 
has been u1m1 81 sevoral otlict 
study sites arouritl ttie country and 
' ; valuable, yi?t inexpensive, said 

ex p t i in e n ts , d esi g nerl 
and cotndiucted by Teyrnoor C i d a y - -  
loo (C; .8 ) ,  introduced small .fIruotcs~ 
cxmt particlcs into tho bottom of 
thr: chimricy. l l i e  draft (:i~rric!cl 
Ilictv oirl tho l o p  arid dovvriwind, 
whsro some of them wcre cc~llcc:lcd 
by samplers tt i i j t  have ro.t.alirig 
s.ticky rods. Pha parliclos wwc: 
counted, using special micro-- 
sco pos , lo do-li ! r ro i r i  e co rice r i  1 rat i o in 
paLtt:rns; tcd, yellow, arid gt.c!t:i-i 
pa rti (:I os disi in g u is t i  ocl 
rriiido o r 1  i tie stiriie day.  Ttir!se tcxh 
niqucts t iwe boi?ii used widoly at 
Los Alarnos tc i  sludy ttie coinplcx 
air tmovorrients i r i  t t iE canyoti rrie:a 
court try of tho Pajatito l'lateaii. 

A surlact-! wind sui-vey cl 
triitied patterns in tho Water-bury 
atoa "airshed," similar- in cmnccpl 
lo drairiage in B watershed. Kcrry 
Wilson ( G 8 )  used i i r i  clcc:Lronic 
wind sCt>:ior at tight locatiorr!; over 
;I r.hi,ct:-clay period io t-nap ?ti(: sur 
face wind spoctl and diroctiori. I h r i  
t)c!tci-son, IJnivcrsity or Now Moxi 

* lcrm 11 IS,  G ~ 8 . 
.I i-ii ce r 

re lea 

Fvelyn Trennan /Jhotus 

l'ic.iutss from $ 1  I'V screen, using the computer model for hypothetical 
plumes. -1 or,, id clean digitized picture of the natural scene. Then, two 
'I ,000-rIlc~javvi~lt coal plants vvith a scrubber; a 3,080 megawatt plant with 
a r t  electrostatic precipitator; and lastly, general haze conditions. 
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Dan Peterson, University of New Mexico, used this receiver to read 
signals sent by temperature sondes attached to balloons. 

14 

Bill Clements released a weather 
balloon during the August study. 

The weather 
was probed 
with balloons, 
fluorescen t tracers, 
and wind sensors; 
Waterbury 's clima te 
is affected both 
by marine 
and continental 
air masses. 

This "temperature sonde" is 
attached to a weather balloon with 
a 25-foot cord. It sends readings 
back to a ground-based receiver. 



co, helped asscss Waterbury's g(?ti-- 
era1 climatology. Weather studit:s 
wore supported hi/ G-8 field pc:!rsoti- 
ne1 John Archuleta, Rolinc? Daker, 
and Leonard Valerio. Daviti No 
churnson, S--2,  oporatcd I livol iiii. 
sa rn 1:) le I-s t D de tcxni i ne backg rou i id 
con ce rilrat i o ri s of po I I u.in n ts . La I i t a  
Szoo, S 2 siimrrici stc ident,  
assisted. 

Watcrhrry lies along tlie Win- 
ooski River bclwcon folds of the 
C-ireen Mounlains ttiat rise to  ovci' 
1,000 meters. I3oth rriaritie and con-- 
tinen tal air rn~ssc!s affect the fairly 
wt:t climate, where 40 inc:tios of 
precipitation i:; rc:corded yoorly. 
From ati air quality view, ( X I  
noted, the worst conditions arc 
asswi;-ircd with light winds and a 
shallow (100 to 300 meters) rnixing 
liiycr wticre the plume is cot ifiried. 
Typical c:onclitions ;ire a tnixirig 
hyer of 600 to 1,200 mctnts in 
wintcr arid 2,000 to 3,000 tn 
siiti-ii7icr, with inoderate wind:; frorri 
the !:;olltt-l ot- norihwc-,st. 

'The wood debate 
IS wood a fr:a:;ible altornato fuel 

source? I t  is a inatter of dobatr: in 
Vorruion t, whcrr: tweryoiie secrns tu 
own his or ht!r private 'IO-acrc-! plol, 
said slate air quality onginew Cwlrii.: 
Snnborri in l\nontpelier. A siatr: 
survey indicalus 1 hat 75 per (:wit of 
Vet-ruiontors IASO wood as ;I pi irriary 
c)t sccondary fuel. A lot of wood 
ha sod i n tl II st t i cs , den I i n g i n f 11 ri i i - 
turc, plywood, arid paper, rniiy ulii- 
t-natctly vvaste half of their r m v  
materials in tlir: processing. 

Niit can Verrnorit support ii large 
woocl-fueled power rjetieratoi ? I {ur -  
litng~nri E:Iectric tins already (:on- 
verted one of its three IO-tnegawiitt 
units to  wood, and thss propusod ;i 
60-megawatt plant to be run or1 
nltcrnate fuels. This plani, :;aid 
E3 u rli ng to t i  Free Press write I W illiarn 
I ~ I .  Uraun, wotild atmount to ttie 
at-oa of a iootball field boing 
clear c u t  cvory two hours 365 
days a ycnr. Thai  wnuld bc 150,000 
~ICIAS OVIII- a 30-year platit life. 

Some oflicinls say wood has 
better ultirriatci use:;. In buildii-ig, for 

t 

FOI1CtL) I LUII) 1101 I. t- R CYCLONL' INDUCED STACK 
w A f  r ut D DRAFT 

I A N  I-UFINACI- FAN 

This sc:ht.:matic: diagram displays the route taken by the wood chip fuel 
through the Furnace, boiler, anti-pollution cyclone, and brick stack. 

iristanc:e, it's clairnotl that coticretc 
(11- altimintirri iqu i res  15 to 20 Lirnes 
ttic eriorgy ncodr-td ltr process wood 
inateri&i. I~ iinibor priccs may iti- 
CI'C:ISR by 50 pt:t- cent or more in the 
ncxi 40 yciirs, t i r id wood is also 
hi:coinin~j a bi1SiC iriclus trial tnnteri- 
ill. 

A I I (c: h om i <:;I I f c?ed ci to  c I< s f o I- p I a s 
tics, ptiarrnac:oii ticals, ar id  synlhelic 
f i lms that i iow corn(: frorn petro- 
lourri (:xi iilso he r)rodirc:etl from 
wood, accorcjiiig tc.1 Daniel Bous-- 
qiict, ;I iorost products marltutiny 
spec i a I i s t I im ry i t h c U in ive rs i t y of 
Verrriunt. Ant1 tliere is pressure on 
t h e  1 : ~  I pwoocl ;I r i  d 111 n i  bor i ri clu s~ 
t r k ,  which ii:io 85 pcr (mil of the 
onor-gy in ttic! forcst protfucts fiold, 
to swilcti from gas ;itid oil i o  wood. 
The Georgia -P;icific papor rnll in 
C; i I t-ria I i , Vnt rr i ( ) t i t , wiis o nco the 
slate's largest ct:;cx of No. ti fucl oil; 
i i  now iiscs wood exclusively. 

There is attendant debate over 
forest management. Much of the 
present Ncw England forest was 
once cleared pastureland, but as 
fawn use peaked a cmtury ago, the 
land reverted. Regrowth, oftcn 
frorn weak or misshapen 'trees, has 
bccm poor in terms of species mix 
and quality. Much of the best 
forests, including the "nevcr- 
ending" stands of white pine, were 
cul long ago by logging companies 
- a pattern repeated across Michi- 
g il I i , W i sc;o t i  si n , and M i n n eso ta . 

Wood's economic aspects 
Wood can be burned to genetate 

powet internally, as at Waterbury, 
or used to fire an electricdl genera- 
lion plant. Commercial power ap 
pdrerilly requires a new tree har 
vesting or chipping industry to 
supply largo quantities of fuel, but 
this need t iol be the case 
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The most efficient 
wood boilers are 
hand-stoked and 
were built 
50 years ago. 

tricity now from New Hampshire, 
Canada, Boston, and Niagara. Our 
nuclear plant at Vernon supplies 30 
per cent, and we get 10-15 per cent 
from hydropower. We're kind of 
sitting here at everyone's mercy. 
Waterbury wasn't started just to 
save fuel, but to save dollars too." 

In Eugene, Oregon, for instance, 
the municipal power department 
and the University of Oregon each 
operate a wood-fired plant. Area 
industries burn enough wood to  fill 
a train of cars, each year, stretching 
from the Columbia River to the 
Mexican border. But the fuel used 
is waste wood and bark from mills, 
not wood harvested from a forest 
and destined directly for a power 
plant. Officials search for an even 
more efficient way to deal with 
debris, some seven million tons of 
which are generated as slash each 
year by logging operations within a 
50-mile radius of Eugene. 

Wood has roughly 40 per cent of 
the heat content of coal, or 25 per 
cent of the heat content of oil, on a 
weight basis. Transportation of the 
fuel can become quickly excessive: 
at  a 100 mile distance, using 20-ton 
trailers, the cost of moving wood 
approximates the cost of raw coal 
alone. A prospective wood-burning 
facility, concluded 5-2, is best 
located near an abundant wood 
supply. The use of wood plants 
may not be widespread, due not 
only to transportation, but also 
because commercially generated 
power may be available at an even 
lower cost. But they most likely will 
be one of the parts of an overall 
energy plan in the country, making 
their contribution in the face of 
dwindling fossil resources. 

"Wood chipping is a whole new 
industry here," said Vermont en- 
gineer Sanborn. "Until Waterbury, 
there was no demand. In most 

The Vermont legislature ex- 
empted wood plants from strict 
emission controls during the publi- 
cized energy crisis, and Sanborn's 
office lobbied to reinstate some 
standards. Many statewide tests 
have since been performed, ranging 
from studies of new wood boiler 
operations, to conversions, to boil- 

ers that have burned nothing but 
wood since they were installed in 
1910. There are some 40 Vermont 
industries that burn wood. 

1930 model best 
"I've tested at  least 12 different 

boilers," said Sanborn, "and the 
1920-1930 hand-fired Dutch oven 
model had the lowest emissions. 
Many people have lost the knack of 
knowing how wood burns, and 
how to stoke a furnace - it's a real 
art. By cutting back on the air 
intake, there is a hotter fire and less 
fuel burned in many cases. 

"The more we look a t  it, the 
more we understand it." 

areas of the state, there are trees, Cedric Sanborn, air pollution control engineer, in Montpelier, Vermont: 
but you can't get them due to steep "We're kind of sitting here at everyone's mercy. Waterbury wasn't started 
terrain. We get most of our elec- just to save fuel, but to save dollars too." 
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The 1925 Waterbury brick smokestack, with the top of the vessel where 
wood chip:; arc fed down for cumbustion. 



Among 
our 
guests 

William Lehman, director of the Air 
Force Weapons Laboratory, spoke 
a t  a Los Alamos colloquium. 

Photos by Bill Jack Rodgers 

Robert Post, weapons examiner from the Office of Management and Budget, shared a joke during his stay with 
Ed Stein of the visitor relations group: Director Harold Agnew: and Robert Thorn, associate director for 
weapons. 
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Bob Hendersoii of the Weapons Planning Dlfice tic-dpcd brief Richard G. Walter Pincus from the Washington 
Stillvvell (center) atid Gordon !<uinncr, .Ir . (right) duritig a briefing session. Post checked his notcpad before 
Both visitors a i s  Laboratory r:onsultants and are rutited from ~hr: Army. beginning another in a series of 
Stillwell was c:ornmandet -in-chief of the Wnited Nations cornrnarid in interviews with Laboratory officials 
Karen; Surnnei hirs been chairman of the  Inter-Atriotican Clefcnsr? Board, 
and now lives 111 Sanaa Fe, 

recently. 

Public inforwiatitirt officeis from weapons research-related installations gatheted for the first suck conference 
ever held to d ixuss ~ ~ m m o n  isstlos. I l i u  rriei!ting h y a n  wi-ih a welcomc by Director Harold Agnew and included 
prescntations .i tom different c~ffices as viiell a:; LASL. teiurs in October. 
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Archeology on the 

Zia Company employees Jose Rendon and Palmita Osegeda excavate at Site LA-4629. What little useable land 
that existed was probably under cultivation. 
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1~131P(3R'S NOTE: This fourth iind 
litrill article i r i  B series discttsscs 
agticulture on lhe Pajatito Plateau. 
I tie othct tkrce articles appeared i t 1  
the CYctohei, 1'377, January-Fr:btti- 
ary, 1978, arid April, 1!378, issues of 
Itre Atom. Information was ex 
1 r i j c t d  frum "Pajat itci Plateaei Ar 
cheological Srirvey and Excavri- 
lions," compiled by Charlie Steen, 
I A S  I archeolo!jic:al consultanl The 
series vvas preparod for putilic:atiori 
tsy John Atmisrood. 

Agriciiliure wds osserilial tn the? 
dwellmi or tlIc rJaJtltllo i~ i t~ tcau.  
Aftor niariy excavations ot :;il(?s all 
ovor Itio plato,xi, atnple cwiderict? 
indicliles ihc principal ctop W;IS 
ma I 11 3 

Many charrcd and dcssioated 
coin cobs h c i w  been round, arid 
excnvalioiis t iwe also yicltlctl 1 x 1  
curbit (gourd Ilk(!) s e d s  and :,hells 
C l ~ i ~ t l e d  cotton has beeti Cout id on 
tho I'laleau, hul rcscatcher*; silt 
~ Y I I S G  11 was p r ~ b ~ ~ b l y  no( clrovvn 
here, but was i:irltiv#ited at lower 
level:; and [ran ;potted. 

N(J boans have tiecti iel)oric!d 
foiind on the I'latoau But aicliecilo 
g ~ t s  tccl ttieio IS no reason io  
douL)L thdt bsaris, along with 
squash, punipkiris, a n d  rnai(c1 wcre 
(:t)rntnori Anolher dornestica t c x l  
p h i ,  tobacco, lias been idotiti- 
Cicd f low exc,iivtitions in F rl]cilt:s 
Cdriyon 

What litlle uscatilo land existc?d 
wiis probhlnly irriclet cultivation, in 
vesligations poitll out At the irpper 
roar:i.ies of thr! iirhahitod 1otIc. dll 

- 

O i l y  a't Iou/cr olevatiorrs, where 
the c:ariyoris arc! shallow and wide, 
and thtxe is plonly of alluvial soil, 
ii ire there indications of pri tni tive 
fattnirig aloncj tlio streatns. 

'Thc: IPajarito I'lateau of the 14th 
ceii-l.uu-y protxihly had widoly dis- 
persod house hlocks of four 1.0 20 
rc)orns oach, s t r ~ i i ~ g  along the crest 
of a tncsa. -IIio dusters of liouses 
were surrounded by fields where 
ttlo :;oil wx deep etlough to 
culLivij.tt?. Tlho rriesa forest at the 
t i r~ ie of Indiaii habitation protbably 
wiis iibou t tl-IN[-: sanic: as i t  appears 
tot lay.  The Indians' need Cor wood 
in houses most liltely would have 
Iiolped -to Ikeep ilie forest thirined. 

l l i n  mesa soils at-e thin, rnade up 
or tlecornposc:tl luff, and are from 
zcro .io less than 1.5 meters deep. 
IPti t-ri i I ive fa rrn i tig rnct t iotls are hard 
oti any soil arid would be particular- 
ly tiorriaridin<] (.HI the  Pajarito soil. 

I tic: USUEII C\rnoricati Indian meth- 
od of harvesting wiis 1:o pull the 
crrtire plant, r i u  tnattcr what the 
c m p ,  and lake it tiornc. At  the 
Iiou:;~, or in sorne noarby shcllered 
spot, a hatd packed clay b o t -  
served as  a platform on which the 
1h;irvest (ears of corn, cu t.-up 
:;qu;ish, or txaris) was spread to 
city beforc beiiiy stored fo r  the win- 
i.cr. Vines, loaves arid $;talks were 
pilcd m a r  tho trousc to serve as 
ti r-id et. 

Plani: riu.iriorits in thc soil were 
yLiickly dep ln ld  with such a har- 
vt::st system, and with no fertilizers 
being applied to the I'ields. 

. ~ .  

- 
fat inirig triusl Iiavt? occurred oti the I-vidoncc o l  site distribution indi- A sniall shrine with a vertical post, 
tT1t:Sii tops, d s  canyons l j t ( ~  [oc) r:alcs lha t  a t  ,111out l t ic Iirno Wiyo sct in a cobblestone floor, has been 
riatruw, steep, , ~ n d  (,old LO 1)crrriit b l x k  on wtiiit, pottory came into tnatked in 1 os Alarnos Canyon (Site 
ferrning c;iyle (about I:U!i), the upper cleva- LA-14871 1. 
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lower end of Frijoles Meso (within 
TA-33) w t w e  there npparcn tly was 
heavy rnovenierit of tracked vetii- 
clcs during World War II. Elsewhere 
uti thc? mesas, ctianncl cutting has 
been mitior, and nearly everywhere 
erosion scars arc now being cover-- 
ed wilt1 now growlh. 

A sccond type of erosion, torrned 
"shed  erosion," is a general lowor- 
ing of the surface duo to runoff. 
Theto is no evidencc of an appreci- 
able arnounl of this kind of erosion. 

All Facts add up to strong 
evidonctt that lherc has been no 
siyriificant change in the ground 
level of Lhc Pajarito Plateau sirice 
the prc Columbiart occupation by 
India r i  s . 



Energy I asor Llevclopment), cffcc- 
ttvc August 1 .  

James C. Porter was appointed 
TI1 7 group leadoi Ut-iermonuclear 
Weapons r ) c s ~ ~ ~ n ) ,  cffocttve Octo- 
bet I6 

I wo earn 

United States Patent 4,095,121 
has been granted to two 1-0s 
Alarms researchers. They are R -  
chard F.  Ueyley, I.aser Chemistry 
Group ( A M ) ,  and Norinan A.  
Kurnit, l'unnt)lt: L.asor 1lesearct.i stid 
Ucvc lo p me 1-1 t G ro  II p (A P -2 1 . 

Acc:ordirig lo the abstract, the 
palorit irivolvos ;I method and 
apparatus for achieving large sus- 
ceplibilities and long interaclion 
Icngths in the generation of new 
wavelengths in the infrared speclral 
treyion. A process of resonantly 
cntiaricctl lour-wave mixirig is em 
ployed, utili7ing existing laser 
sourccs, such as  the carbon dioxide 
laser, to irradiate a gaseous rnedia. 
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10 Years Ago 
CONGRESSIONAL VISIT 

The New Mexico Northern District’s brand new Congressman landed in 
Los Alamos this morning for his first official Laboratory briefing. The 
circumstances were vastly changed but the visit was far from Manuel 
Lujan Jr.‘s first trip to the Hill. “Los Alamos seems like home to me - my 
roots here are very deep,” the newly elected Congressman said. There 
was no doubt that he meant just that. Lujan‘s family owned Horse Mesa 
and had a ranch home there until the government took it over, and Lujan 
said he spent most of his childhood roaming over the Pajarito Plateau. 

RUGS STOLEN 
Six Navajo rugs valued at approximately $1,800 were stolen from Fuller 

Lodge sometime this weekend, Los Alamos police reported. The rugs 
have long hung in the main dining room at the Lodge. However, for a time 
while the Lodge was closed, the rugs were placed in storage. They were 
rehung last month. Since the rugs were AEC property, the FBI has 
entered the case. 

AWARD TO ATOM 
The Atom, house organ of the Los Alamos Scientific Laboratory, has 

won an “Award for Excellence” in the Pacific Industrial Communicators 
Association 1968 Evaluation and Awards Program. Three editions were 
entered in the competition. 

TIME COLUMN 
One hundred years from now a time column will be opened in Amarillo, 

Texas, and a group of scientists will examine its contents. The contents 
will all be related to helium. There are items collected by the U.S. Bureau 
of Mines from government and industrial laboratories which made 
significant contributions in the field of helium research. Included in the 
Bureau’s 100-year Helium Centennial Time Column will be an item from 
LASL, a major contributor in the field. The Los Alamos exhibit contains 
plaques which highlight descriptive information about LASL and titles of 
technical papers and the names of authors whose discoveries contributed 
so much to the world’s knowledge of helium at  low temperatures. 

Culled from the November, 1968 
files of The Atom and the Los 
Alamos Monitor by Robert Y. 
Porton. 
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